Aim: The aim of this study was to evaluate the influence of acrylic resin immersion in different mouthwashes on hardness, roughness and color. Methods: Specimens of an orthodontic selfcured acrylic resin (Orto Clas ® ) were produced and immersed in five mouthwashes: Plax ®
Introduction
Orthodontic treatment for myofunctional therapies and small movements increase the surface microbial contamination of orthodontic appliances in the oral cavity 1 . Biofilm formation occurs on orthodontic wires 2 , clasps and springs 3 and acrylic baseplates 4 . Acrylic removable devices are more prone to colonization due to subsurface porosities 5 . To avoid the biological proliferation tooth brushing seems to be an adequate way to perform the removal of the biofilm attached on the acrylic surface . However, factors such as age and manual dexterity of patients may interfere in the quality of its results 6 . The use of antimicrobial agents, such as mouthwashes, can help maintaining the oral health of removable orthodontic appliance users bycontrolling the growth of biofilm 7 . The most commonly used mouthwashes for biofilm control due to their efficiency, are chlorhexidine 8 , triclosan 9 , cetylpyridinium chloride 10 and essential oil-based 11 solutions. On the other hand, a disinfectant for removable acrylic appliances should have no negative influence on the materials' properties after immersion. Immersion in solutions may cause plasticization of polymer chains, leading to material degradation by increased water sorption and solubility 12 . Acrylic resin used for removable orthodontic appliances is a material that must fulfill certain requirements for use, such as dimensional and color stability 13 , and ability to be polished and disinfected 14 . Chemical disinfectants such as chlorhexidine, peroxides, sodium perborate, sodium hypochlorite and glutaraldehyde have shown surface and property alterations, such as transverse strength 6, 15 , color stability 16 , roughness [16] [17] and hardness 17 of acrylic resins subjected to chemical disinfection. An alternative for disinfection of acrylic baseplates is the home-care chemical solutions 4 . However, to the best of our knowledge there is no study evaluating long-term immersion of orthodontic acrylic resin devices in mouthwashes.
Therefore, the aim of this study was to evaluate the influence of mouthwashes on the properties of orthodontic acrylic resin. The null hypothesis tested is that the different solutions and immersion times have no influence on the microhardness and roughness of acrylic resin.
Material and methods

Test Specimen Production
A self-cured acrylic resin (Orto Clas ® ; São Paulo, SP, Brazil) was manipulated according to the manufacturer's instructions and 360 square-shaped specimens (10x10x5 mm) were obtained. The sample consisted of 225 specimens for the microhardness and roughness tests (n=5) and 135 specimens for the color test (n=3). After polymerization, all specimens were visually inspected, and checked for a smooth surface without voids or porosity. Samples with voids or porosity were discarded. The specimens for the microhardness and roughness tests were embedded in a self-cured acrylic resin (JET; Campo Limpo Paulista, SP, Brazil), in order to prevent any problems with the alignment that could interfere in the tests. The samples for Knoop hardness and roughness tests had the acrylic resin excess removed during polishing using progressively 600-to 1200-grit silicon carbide paper (3M do Brasil; São Paulo, SP, Brazil). To obtain a smooth and flat surface, the specimens were finished with 220, 400 and 600-grit sandpaper (Norton Abrasives; Saint-Gobain, Vinhedo, SP, Brazil) impregnated with a diamond suspension in a polishing machine (Arotec; Cotia, SP, Brazil) under water cooling. The specimens for color analysis were not polished.
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Softening after Immersion
The initial and final surface Knoop microhardness of each acrylic resin specimen was determined by using a hardness tester (HMV-2, Shimadzu, Tokyo, Japan). The longest diagonal of the indentation was measured and its value was used in the following formula to calculate KHN:
] Where: c = applied load in g d = length of the longest indentation diagonal in mm 14228 = constant number At first, 3 indentations were made on the surface of each specimen using a 15 g load for 10 s and the mean value from the 3 indentations was considered the specimen's KHN value. After the first measurement, the specimens were randomly divided into 45 groups (n=5) in accordance with the immersion time and the tested mouthwashes. The groups were immersed in 30 mL of Plax 
Roughness
Mean surface roughness from each specimen was obtained from 3 measurements in different areas using a roughness surface analyzer (SJ-201 Mitutoyo, Tokyo Japan). The surface roughness Ra is the value assigned to the area peaks and valleys divided by the distance traveled by the sensor in a straight line, providing roughness Ra in µm. The roughness surface analyzer provides the average of three 0.25 205 205 µm lines. The specimens for the roughness test were the same as those used in the microhardness test (Figure 1 ). After the initial measurements were made, the specimens were randomly divided into 45 groups (n=5) in accordance with the time of immersion and the tested chemical solutions. The specimens from each group were immersed in 30 mL of each mouthwash for 1, 2, 4, 6, 8, 10, 12, 24 h and 7 days. After the mouthwash immersion each specimen was washed with distilled water for 10 s and dried with compressed air for 1 min. Then, the second roughness measurements were made in the same way as described for the initial measurement. The difference was calculated.
Colorimetric Analysis
The 135 specimens were randomly divided in 5 groups (n=45), each one subdivided into 9 (n=3), as for the roughness and hardness evaluation. Color measurements (CM2600, Konica Minolta, Osaka, Japan) were made before and after the immersion times. Color was assessed by measurements of L*a*b* coordinates with D65 CIE illuminant (average daylight) and a 10 degree viewing angle geometry. L* represents the lightness or darkness of the object. a* represents the red-green chromaticity of the object (+a* towards red and -a* towards green). b* represents the yellow-blue chromaticity of the object (+b* towards region and -b* towards blue). Three measurements were made in each sample and the mean value was recorded. Color variation of specimens (∆E) was calculated between the initial measurement and after each immersion interval using the following equation:
After three measurements for each group, the mean values of L*, a* and b* taken before and after immersion, the ∆E Fig. 1 . Flowchart of the study methodology.
value was calculated for each mouthwash and immersion time.
Mouthwash pH
The pH values from the chemical solutions were measured at room temperature (20°C) using a digital pH meter (pH 21, Hanna Instruments Inc., Woonsocket, RI, USA). The equipment was calibrated with deionized water before the samples were measured. Samples of 40 mL of each solution were analyzed before specimen immersion. After 5 measurements, the mean value for each mouthwash was recorded.
Statistical Analysis
The normality of data was evaluated using the Kolmogorof-Smirnov test. Statistical analysis was performed using two-way ANOVA (mouthwash and immersion time), one-way ANOVA (pH) and Tukey's post-hoc test at a 0.05 level of significance.
Results
Softening of Acrylic Resin by Microhardness
All mouthwashes decreased the surface microhardness values after 7 days of immersion. Plax ® alcohol-free showed no statistically significant differences among immersion times between 1 h to 7 days. At 7 days, Plax 
Roughness
The mouthwashes increased the surface roughness in all tested groups. However, only Plax 
Colorimetric Analysis
The colorimetric analysis using ∆E revealed differences between times within each mouthwash (Figure 4) . However, no significant difference was shown in Plax Table 2 -Table 2 -Table 2 -Table 2 -Table 2 -pH values of commercial mouthwashes before sample immersion.
Mouthwash pH
*Different letters indicate statistically significant difference among the groups (p<0.05).
Discussion
The use of removable orthodontic appliances (ROA) results in greater biofilm accumulation on dental surface and retentive sites of the appliance components 1 . Reducing the levels of microorganisms may prevent caries 18 , halitosis 19 and candidiasis 20 . Therefore, antimicrobial agents, such as mouthwashes, have been advised for orthodontic patients to aid in the control of bacterial biofilm formation 7 . According to a systematic review, the mean wearing time of orthodontic removable appliances is 13.4 (±10.3) months 21 . Based on this data, nine periods of immersion in mouthwashes were defined to simulate, and even extrapolate, situations at home disinfection practice by orthodontic patients, as a possible attempt to offer research-based data for a home disinfection protocol to be prescribed by orthodontists. Disinfection by immersion in chemical solutions, such as mouthwashes may predispose the acrylic resin to structural impairment due to sorption of water molecules and increase of solubility 12 . This study evaluated the effect of five of the most commonly used commercial mouthwashes, on the properties of an orthodontic self-cured acrylic resin. The results of this study showed that the acrylic resin properties were influenced by immersion in mouthwash solutions. Therefore, the null hypothesis was rejected.
Roughness of acrylic surface is of paramount importance to microorganism colonization on the acrylic surface. The five tested mouthwashes increased the acrylic surface roughness. However, for microbial adhesion to occur, it is necessary a minimal roughness of 0.2 mm, which is the acceptable threshold value 22 . In this study, only two groups showed values higher than 0.2 mm. Listerine The softening of acrylic resin evaluated by microhardness is closely related to surface characteristics of ROA, which are subjected to continuous abrasion during cleaning methods and by storage environment. Acrylic resin immersion in all mouthwashes resulted in an increase of softening after 7 days of immersion. The Plax ® alcohol-free mouthwash showed a pattern similar to mouthwashes with alcohol, probably due to superficial alterations produced by phosphoric acid. At 7 days, Periogard ® showed the highest softening values over time (p<0.05). Asad et al. 23 showed similar results when immersed acrylic resin specimens in a 0.5% chlorhexidine gluconate solution and showed alterations of microhardness values after 7 days of storage. In the present study, test specimens were disinfected with 0.12% chlorhexidine digluconate. Periogard ® is an alcohol-based mouthwash (11.6%) and the alcohol solvent action could also explain the changes on the acrylic surface. The resin may slowly absorb the disinfectant, altering the structure of polymer 24 . Listerine ® showed an increased softening process in all immersion times. The antibacterial activity of Listerine ® is claimed to be due to the combination of four essential oils: eucalyptol, menthol, methyl salicylate, and thymol. The essential oils act on the resin surface and are a potential source of harm considering the solvent action for acrylic and other thermoplastic resins 25 . This may explain the increased softening showed by the acrylic resin after immersion in Listerine ® . At 7 days of immersion in Listerine ® , the specimens showed a slight but significant increase in final hardness values, and decrease of softening, which is in accordance with the softening effect of ethanol on acrylic resins 6, 24 . It seems that ethanol, as well as water, helps moving the polymer chains apart and allows them to slide (deform plastically) more easily 6 . This decrease in final hardness values for PMMA is also caused by the plasticization effect enhanced by ethanol, which penetrates the matrix and expands the space between the chains 26 . Colorimetric analysis using the ∆E as a parameter, showed that at the 12-h immersion period, Listerine ® presented a significantly greater variation compared to other mouthwashes, probably due to changes in surface topography of the acrylic resin that influence the parameters of colorimetric measurement [27] [28] . Moreover, there was visible interaction of the green dye (CI 42053) in Listerine ® with the acrylic resin, especially after a 12 h immersion, confirmed by the colorimetric assessment. This colorant influences the values of -a* and +b* parameters, changing the final ∆E by an increase in ∆a and ∆b of the samples. This could be explained by what is referred to as a crowding effect 29 , when higher pigment concentrations result in an interaction among the colorant particles and lead to deviation from the linear behavior. Regarding the Plax ® alcohol-free, Plax ® Classic and Periogard ® groups, the lack of significant difference in the values of ∆E among times within the groups can be related to changes on the surface, since in such groups the difference in roughness also showed no significance [27] [28] . The limitations of this study include the fact that the immersion procedures were conducted without time intervals and the specimens were subjected to the mouthwash action continuously. The patients do not expose continuously their removable appliances to mouthwash solutions. The immersion procedures are intermittent, and use of an acrylic device in oral environment between immersion periods could elute chemical components like ethanol and acids during the use. Then, the acrylic resin will adsorb water molecules, which act as a plasticizer to a lesser extent than ethanol. In other words, the harmful effects on acrylic resin surface and color might be less significant. However the influence of immersion in mouthwashes could represent several months of acrylic device use, considering daily immersions.
It was concluded that immersion in mouthwashes could influence acrylic resin hardness, roughness and color. It is therefore recommenced that the orthodontist indicates mouthwashes to their patients with caution when establishing an at-home disinfection protocol.
